ABSTRACT Objectives: To evaluate the prevalence and determinants of anxiety and depression and to assess their impact on glycaemic control in participants with type 2 diabetes mellitus.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a group of metabolic diseases that pose a serious challenge to governments and to society. T2DM leads to decreased quality of life, increasing care costs and a reduction in life expectancy. Approximately 592 million people worldwide will suffer from diabetes mellitus by 2035. 1 According to one national survey, 2 3 the prevalence of diabetes in China has increased from 0.9% in 1980 to 11.6% in 2010. More than 1 in 10 people in China have diabetes, and there are >100 million adults with the disease, a figure higher than in any other country. 4 Diabetes is associated with an increased risk of psychological disorders; depression and anxiety are two of the most common comorbidities. Epidemiological evidence suggests that at least one-third of people with diabetes suffer from clinically relevant depressive disorders. 5 People with diabetes are twice as likely to be diagnosed with anxiety and depression than those without diabetes. 6 7 Research shows that gender, age, education, diabetes complications and poor glycaemic control are related to anxiety and depression in people with T2DM. [6] [7] [8] [9] [10] Comorbid depression and anxiety are Strengths and limitations of this study ▪ To describe the prevalence and determinants of anxiety and depression, and to explore the effect of anxiety and depression on glycaemic control in Xuzhou, China. ▪ Neither anxiety nor depression is singly linked with poorer glycaemic control. ▪ A strength of the study is the use of a community-based design and random sampling. ▪ A limitation of the study is the cross-sectional design.
associated with negative health outcomes, such as increased diabetes-related complications, 8 increased physical morbidity, 11 higher blood glucose levels, 6 7 poorer quality of life [12] [13] [14] [15] and premature death, compared with depression or anxiety alone. 16 Chinese people are particularly susceptible to T2DM because of physiological, cultural and societal factors. 4 However, little research has been conducted in tertiary hospitals or hospitals in Chinese metropolitan cities on the prevalence of, and factors related to, depressive and anxiety symptoms in patients with T2DM, or on how these symptoms affect glycaemic control. 9 17-19 An additional problem is that any such research may not be representative of people with T2DM in the community.
Our study aimed to assess the prevalence of, and the factors related to, depressive and anxiety symptoms in participants with T2DM, and to assess the effects (singly and in combination) of depressive and anxiety symptoms on glycaemic control.
MATERIALS AND METHODS Study design and recruitment criteria
The sampling method of this cross-sectional study has been described previously. 20 Briefly, participants with T2DM who were registered at 37 community clinics and who met the criteria of the Chinese Type 2 Diabetes Prevention and Control 2010 Guidelines 21 were selected using multistage cluster sampling. Participants who were diagnosed with T2DM by physicians at least 6 months prior using baseline clinical information and laboratory data were recruited in our study. Exclusion criteria were as follows: (1) type 1 diabetes; (2) painful diabetic sensory neuropathology; (3) diagnosed sleep disorders prior to diabetes; (4) mental illness or use of any kind of psychotropic medication; (5) working in nights shifts in the last 3 months or travelling across time zones within 1 month; (6) other endocrine disorders, such as thyroid disease or chronic use of glucocorticoids; (7) age <18 years and (8) pregnancy or lactation.
We aimed to select a minimum of 690 patients, assuming a 25% estimation prevalence of anxiety and depression in patients with T2DM 16 with 90% power, a significance level of 0.05 (a two-sided type I error of 5%), a design effect of 2.5 and allowing for a dropout rate of 20%. The study was conducted between August and December 2013.
A total of 963 eligible patients with T2DM aged 25-92 years were invited to participate in the study. Among them, 42 dropped out because of work, 15 declined to take part in the study and 13 failed to complete the questionnaire. The response rate was 91.7%. Overall, 893 people with T2DM participated in the study.
Written informed consent was obtained from all participants. The study protocol was approved by Xuzhou Center for Disease Control and Prevention. The procedures followed were in accordance with the standards of the ethics committee of Xuzhou Center for Disease Control and Prevention and with the Declaration of Helsinki (1975 Helsinki ( , revised 2000 .
Assessment of depressive and anxiety symptoms
Depressive and anxiety symptoms were assessed using the Zung Self-Rating Depression Scale and the Zung Self-Rating Anxiety Scale, respectively. 22 23 All the symptoms were reported by patients .Each of these scales comprises 20 items scored on a frequency scale of 1, rarely; 2, some of the time; 3, very often/often; 4, almost/always. The total score for the 20 questions was multiplied by 1.25, with the integer score as a standard score. A standard score below 50 was considered to indicate absence of depressive and anxiety symptoms. These scales are valid and reliable instruments for use with Chinese samples. 24 25 Assessment of glycaemic control All fasting venous blood samples were drawn between 08:00 and 09:00. HbA1c level was assayed using highperformance liquid chromatography (Bio-Rad Diagnostic Group, California, USA) and was used as the index for glycaemic control. A level of HbA1c <7.0% (54 mmol/mol) was defined as good glycaemic control based on the Chinese Type 2 Diabetes Prevention and Control 2010 Guidelines; a level of HbA1c ≥7.0% was considered poor glycaemic control. 21 Assessment of other variables Age, sex, marital status, physical activities, net household income, level of education, cigarette smoking, alcohol consumption, years since diabetes diagnosis, number of comorbidities, number of diabetic complications and insulin use were assessed using a standardised questionnaire. The number of diabetic complications was determined by participants' reports of diagnosed coronary artery disease, peripheral vascular disease, stroke, nephropathy, retinopathy or neuropathy. Body height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) in light indoor clothing were measured. Body mass index (kg/m 2 ) was calculated, and categorised as underweight (<18.5 kg/m 2 ), normal weight (18.5-23.9 kg/m 2 ) and overweight/obese (≥24.0 kg/m 2 ).
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Sleep quality was assessed with the Pittsburgh Sleep Quality Index (PSQI). 27 Previous research with Chinese participants indicates that PSQI scores of <7 and ≥7 can be defined as 'good sleep quality' and 'poor sleep quality', respectively, and that the scale has a diagnostic sensitivity of 98.3% and specificity of 90.2% in differentiating between people with sleep quality problems and those without. 28 
Statistical analysis
All statistical analyses were performed using SPSS V. 16 .0 (SPSS, Chicago, USA). Continuous variables were expressed as mean±SD. Categorical variables were expressed as absolute values and percentages. Differences in continuous variables were tested using the F test or the t-test, and differences in categorical variables were assessed using the Pearson χ 2 test. Logistic regression analysis was used to evaluate depressive and anxiety symptoms, singly or combination, in relation to glycaemic control, adjusted for age (continuous), sex (male or female), educational level (lower than high school, high school or greater), marital status, physical activities (yes or no), net household income (continuous), cigarette smoking (yes or no), alcohol consumption (yes or no), years since diabetes diagnosis (continuous), comorbidities (yes or no), diabetic complications (yes or no), poor sleep quality (yes or no) and insulin use (yes or no). ORs and 95% CIs were calculated. Variance was calculated using the Taylor series linearisation method, which leads to an asymptotically unbiased estimate. The minimum statistical significance level for all analyses was p<0.05.
To estimate the interaction between depressive symptoms and anxiety symptoms, we created three new variables: (1) anxiety symptoms score <50=no and depressive symptoms=yes versus other confounders; (2) anxiety symptoms score ≥50=yes and depressive symptoms=no versus other confounders; and (3) anxiety symptoms score ≥50=yes and depressive symptoms=yes versus other confounders. 29 30 The relative excess risk due to interaction (RERI), the attributable proportion due to interaction (AP) and the synergy index (S) were used to estimate biological interactions. 30 The RERI is the excess risk attributed to interaction relative to the risk without exposure. AP refers to the attributable proportion of disease caused by interaction in participants with both exposures. S is the excess risk from both exposures when there is a biological interaction relative to the risk from both exposures without interaction. In the absence of additive interactions, RERI and AP are equal to 0. 31 The current study refined the criteria as either a statistically significant RERI >0 or S >1, AP >0 to indicate biological interactions.
RESULTS

General characteristics of participants
The mean age of participants was 63.9±10.2 years, and 58.6% were women. The mean age of non-respondents was 64.5±10.3 years, and 58.9% were women. There were no significant age or sex differences between participants and non-respondents ( p>0.05). Table 1 shows the general characteristics of participants.
Prevalence and factors associated with depressive and anxiety symptoms Of the 893 participants, 56.1% (501) had anxiety symptoms and 43.6% (389) had depressive symptoms (table 1) . Table 2 shows factors related to depressive and anxiety symptoms among participants with T2DM. Participants who were women, with lower income, chronic disease, depression and poor sleep quality were more likely to show anxiety symptoms. Participants who were women, older, single, with a low educational level, more diabetes complications, anxiety symptoms and poor sleep quality were more likely to show depressive symptoms.
Impact of depressive and anxiety symptoms on glycaemic control Table 3 shows the general characteristics of glycaemic control. The rate of good glycaemic control was 23.9% (213/893). The rates were 19.8% (99/501) and 29.1% figure 1 ). Compared with patients with neither depressive symptoms nor anxiety symptoms, those with depressive symptoms or anxiety symptoms only did not have a higher risk of poor glycaemic control. Participants with depressive symptoms and anxiety symptoms had a 1.67-fold increased risk of poor glycaemic control compared with those with neither depressive symptoms nor anxiety symptoms ( figure 1) .
There was an additive interaction between depressive symptoms and anxiety symptoms (RERI: 4.93, 95% CI 2.09 to 7.87; AP: 27%, 95% CI 12% to 45%) in relation to glycaemic control (table 4) . Therefore, the OR of poor glycaemic control in participants with depressive symptoms and anxiety symptoms was 4.93 times higher owing to the additive interaction, compared with participants with neither depressive symptoms nor anxiety symptoms, with 27% of poor glycaemic control attributed to the interaction of depressive symptoms and anxiety symptoms. The S was 1.41 (95% CI 1.22 to 1.66); the 1.41-fold excess risk of poor glycaemic control could be explained by the combination of depressive symptoms and anxiety symptoms.
DISCUSSION
In contrast with previous findings, 17 18 our Chinese participants with T2DM had a higher prevalence of depressive and anxiety symptoms, and we identified different factors associated with depressive and anxiety symptoms. Furthermore, there was an additive interaction between depressive and anxiety symptoms in relation to poor glycaemic control.
We found that the prevalence of anxiety and depressive symptoms in patients with T2DM was 56.1% and 43.6%, respectively; these figures are consistent with reports from other countries. 32 33 However, we found a higher prevalence of anxiety symptoms in patients with T2DM than that reported in other Chinese studies. 17 18 The prevalence of depressive symptoms was consistent with previous findings from China, 33 34 but higher than results reported from a Shanghai study 9 and studies from four other major Chinese cities. 19 These discrepancies might be a result of different living habits, good health management and treatment in large Chinese cities, 35 or differences in screening instruments or sampling methods.
Our results provide evidence that patients with T2DM with depressive and anxiety symptoms can experience poor sleep quality. Although no relationship between poor sleep quality and anxiety or depressive symptoms has been reported for the general population or for people with chronic diseases, 36 37 poor sleep quality may be more common in patients with T2DM. 20 Our findings are consistent with research showing an association between being woman and anxiety or depressive symptoms. 6 10 32 38 This sex difference could be due to lifestyle differences. In Chinese society, women normally spend most of their time at home, which may lead to lower physical activity and poor eating habits. 39 It is also possible that women's social role allows them to be more emotional and extroverted than men. 32 Hormone theory may also provide a useful framework for interpreting this finding. After the age of 30 years, oestrogen gradually decreases in women, 40 resulting in a decline in well-being. 40 41 According to this theory, disorders may result from a combination of genetic and environmental factors. For disorders that show sex differences in prevalence rates (as is the case for anxiety disorders in people with diabetes), the sex with the lower prevalence demonstrates a higher threshold, and thus requires a greater number of environmental factors or genetic defects to manifest the disorder. Another possible reason for the sex difference in our findings is that the survey data for men were not reliable.
Trento et al 38 reported an association between comorbid anxiety disorders and increased depressive symptoms in patients with T2DM. Our study also showed an association between anxiety symptoms and depressive symptoms. One potential interpretation is that anxiety symptoms and depressive symptoms are positively correlated in chronic diseases. 42 Depression-related symptoms can magnify symptoms of anxiety. 43 Our results revealed a negative association between higher income and anxiety symptoms in participants with T2DM. Research indicates that sources of stress such as greater levels of poverty, financial difficulties and other economic problems could cause feelings of insecurity, thereby increasing the risk of developing anxiety symptoms. 32 44 Consistent with other studies, 10 31 we found that diabetes duration was significantly associated with higher anxiety scores. This may be because chronic disease significantly increases the risk of developing diabetic complications and increases healthcare expenditure; 45 as a result, such patients are more likely to develop psychological illnesses. 46 In the present study, age was an independent factor associated with depressive symptoms, consistent with previous findings. 32 47 Older people face many challenges, such as isolation and increased health problems and disabilities, making them more likely to develop psychological problems. 48 Consistent with previous research findings, 32 49 we found that a lower educational level was associated with a higher depression rate. In developing countries, lower educational level is associated with a lack of social security, 49 poorer understanding and knowledge about the prevention and control of diabetes and an increased likelihood of developing depression.
Mikaliū kštienė et al reported that marital status was associated with depression prevalence; 37 this is consistent with the present results. The older a person is, the more likely they are to be a widow or widower. Older people are therefore more likely to be single and to experience psychological disorders.
Complications of diabetes are associated with depression 46 and we found that this was an independent predictor of depressive symptoms. Diabetes complications such as sexual dysfunction, painful peripheral neuropathy, neuropathy and nephropathy may increase susceptibility to depression. 50 51 Previous cross-sectional and longitudinal studies are inconclusive regarding the associations between anxiety or depressive symptoms and glycaemic control. Some studies have reported that anxiety and depressive symptoms are associated with poorer glycaemic control. [52] [53] [54] Consistent with our own results, other studies have found no association between anxiety or depressive symptoms and glycaemic control. [55] [56] [57] [58] However, our findings indicate a combined impact of depressive symptoms and anxiety symptoms on glycaemic control. One possibility is that the coexistence of depressive and anxiety symptoms aggravates the dysregulation of the hypothalamic-pituitary-adrenal axis, 52 59 resulting in elevated blood glucose. The dysregulation of the hypothalamicpituitary-adrenal axis is weaker when experiencing anxiety or depression singly; this impairs diabetes selfmanagement but does not necessarily lead to poor blood sugar control.
The strengths of the current study are that we used a community-based multistage sampling design, large sample size and randomly selected participants. However, the study has several limitations. First, the cross-sectional design does not allow us to determine causal relationships between depressive symptoms, anxiety symptoms and poor glycaemic control. Second, it is possible that some participants were misclassified, as self-report instruments were used to assess anxiety and depression symptoms. Third, we did not measure dietary intake, which may partly contribute to anxiety and depression. 60 
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CONCLUSIONS
In summary, our study revealed a high prevalence of depressive and anxiety symptoms in a large sample of the Chinese population suffering from T2DM. Female patients and those with poor sleep quality were more likely to show depressive and anxiety symptoms. In addition, anxiety symptoms were more frequent in participants with low income and chronic diseases, and depressive symptoms were more frequent in older, single participants, and those with low educational level and diabetes complications. Depressive or anxiety symptoms are not singly associated with poor glycaemic control in patients with T2DM; however, there is a combined impact of depressive symptoms and anxiety symptoms on poor glycaemic control. It is necessary to screen depressive and anxiety symptoms using psychiatric diagnoses to prevent and control these symptoms in patients with T2DM.
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